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Samples were collected monthly from Oyster Bay, Dar 
es Salaam. Light, temperature, salinity, pH, seawater 
nitrogen and phosphorus were determined on each 
sampling period_ Mean carrageenan yield was signifi-
Introduction 
Eucheuma denticulatum is one of the most important car-
rageenophytes, in tropical and sublropical lndo-Pacific being 
cultivated worldwide as a source of carrageenan (Semesi 
1979), 
Eucheuma farming in Zanzibar Islands. Tanzania began in 
1989, The physiology and growth rates of E denticulatum 
under fie ld and laboratory conditions were reported by 
Mtolera (1995), Although this species consti tutes an impor-
tant trade item in coastal vi llages of Tanzania since 1930s, 
no reports have been documented regarding the seasonali-
ty of its carrageenan yield in Tanzania. Here we provide 
information on the seasonal variation of the yie ld and quali-
ty of its carrageenan from naturally growing stocks. 
Materials and Methods 
The study area 
Samples of Eucheuma denticulalUm were collected monthly 
at the lower littoral zone of the Oyster Bay rocky shore, Dar 
es Salaam (39' 16 - 39'17,5'E and 6'46,5'S), from June 
1996 to May 1997, 
Air temperature rarely fall s below 20'C and seawater tem-
perature is usually between 20-30' C, The Inter-Tropical 
Convergence Zone (ITCZ) is the most important climatic 
phenomenon affecting seasonality, and its annual migration 
creates the two seasons known in East Africa as the north~ 
east (NE) and southeast (SE) monsoons, The Northeastern 
monsoon (NE) extends from December to April, and the 
Ie Deceased 
canlly higher during the SE monsoon period (t = 6,15, 
P<0,05), Gel strength was significantly higher during NE 
monsoon period (t = 2,61 , P<O,05) and lower during the 
start of the rainy season particularly in March, 
Southeastern monsoon (SE) from June to October, with 
periods of rainfall in between the monsoons (8ryceson 
1982, McClanahan 1988) , The NE monsoon period is char-
acterised by higher light Intensities and air temperatures, 
lower wind speeds, and calmer seas. The SE monsoon, by 
contras t, is characterised by higher cloud cover, lower air 
temperatures, higher wind speeds, decreased light intensity 
and rougher seas. 
Environmental variables 
Variables measured (equipments used are shown into 
brackets) were: light intensity (U-COR model U -189 
Photometer), temperature (Mercury thermometer), sal inity 
(ATAGO S-10 refractometer), pH (Metrohm 632 pH meter) , 
seawater and thallus nitrogen and phosphorus levels (col-
orimetry according to Stewart 1989), Meteorological data 
were obtained from the Directorate of Meteorology, 
Biomass estimation 
Biomass estimation was undertaken during the dry and ra iny 
periods with a 0,25 x 0,25m quadrat Samples were sorted, 
washed and dried at 105' C to constant weight and 
expressed as 9 m 7 . 
Carrageenan 
Carrageenan was extracted monthly as described by 
South Afncan Journal of Botany 2001. 67: 488- 491 
Semesi (1979) and the yield expressed as a percentage of 
the dry weight. 
Carrageenan solution (3%w/v, 4ml) was gelled in plastiC 
Vials at room temperature and kept at 4°C overnight. The gel 
strength and gelling temperature were determined using the 
apparatus designed by 0 Sandren (Innovest AB, Ronnang, 
Sweden) after the gel was left to warm for 1 hour at room 
temperature (Semesi 1979). 
Melting temperature was determined with glass beads 
sLispended on the gel which was heated in stepwise of 0.5°C 
with equil ibration for 20 minutes at each stage. The lique-
faction temperature was taken as the stage at which the 
beads sank into the gel. 
Commercial grade carrageenan was prepared in the same 
manner and its quality was studied for comparison. 
Results and Discussion 
Algal biomass 
Generally the mean biomass was higher during the SE mon-
soon (19.92 ± 24g m') compared to 12.55 ± 17.7g m' dur-
ing the NE monsoon period (Table 1). Higher biomass 
occurred during November to February (NE) and May to July 
(SE). Peak in the algal biomass is att ributed to calmer con-
ditions which usually prevails in the sea during the NE mon-
soon. Another factor which may also contribute to the 
recorded productivity is nutrient availability, particularly nitro-
gen and phosphorus (Table 2). A peak of total nitrogen was 
recorded in November. These observations agree with that 
01 Bryceson (1982) on microalgae in the same study area. 
The peak of algal biomass recorded during May to July 
(SE monsoon) is attributed to improved nutrient availability 
after the long rainy period (Table 2). Other factors which may 
also promote algal growth during thiS period are reduced 
Table 1: Comparison of mean biomass, carrageenan yield and 
quality of E. denticulatum between SE and NE monsoon periods 
Season 
SE 
NE 
Biomass 
(g m') 
19.92 
12.55 
Carrageenan yield 
(%) 
55.86 
48.83 
Gel Strength 
(g cm') 
137.33 
154.39 
Table 2: Environmental parameters recorded during the study period 
Month Light Water temp Air temp Salinity 
(1996-97) (~mol ml s ') (OC) (OC) (%0) 
June 29.8 29.4 34.8 
Juty 29.5 29.0 35.3 
August 1 785.5 27.5 29.4 35.9 
September 1 592.1 28.8 30.1 37.0 
October 1 992.8 30.0 29.7 37.0 
November 2010.6 31.1 30.9 36.3 
December 1 984.7 30.6 32.0 35.5 
January 2122.0 31.0 32.3 34.8 
February 1 857.0 32.0 32.1 35.0 
March 312.1 30.5 30.9 30.0 
April 436.2 2B.0 30.5 30.B 
May 1 806.8 28.0 29.4 29.9 
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light and temperature (Table 2). Nevertheless, Moorjani 
(1982) found that higher algal biomass on reef platlorms of 
southern Kenya, occurred towards the end of the SE mon-
soon, that is reaching the peak in September. The slight vari -
ations in the peaks of algal biomass in these two studies car-
ried out in the east African coast with the same climatic con-
ditions may be due to year to year variations in the weather 
conditions. 
There was low biomass during the period of March to May. 
This is att ributed to low salinities, high turbidity and tu rbu-
lence, because It is the peak of the rain season (Table 2). It 
has been reported for several marine plants including 
macroalgae (Hammer 1968 in Lobban and Harrison 1994) 
that low salinities can cause a decline in photosynthetic rate. 
The decline has been explained as an effect of carbon (CO, 
and HCO, ) supply. Moreover, lack of Ca" in fresh water may 
result into loss of K' (Eppley and Cyrus 1960) and Ca" and 
K+ were found to limit photosynthesis in estuarine a lgae 
(Yarish et al. 1980). 
Low algal biomass was also observed between August to 
October. This period had relatively longer hours of sunshine. 
This condition normally result into higher temperatures and 
salinities in the intertidal area especially du ring the spring 
low tides. High light intensity accompanied with high tem-
peratures may reduce algal productivity partly due to pho-
toinhibition (Krause and Weis 1991) and desiccat ion espe-
cially to the intertidal algae. Seawater nitrogen also was low 
in this period. The combined detrimental effects of light 
stress, desiccation, higher salinity and nutrient limitation 
probably resulted into loss of algal biomass during this peri -
od 
Carrageenan yield 
Statistical analysis showed that carrageenan yield was sig-
nificantly higher during the SE monsoon (P<0.05) (Table 4). 
Carrageenan yield showed inverse correlation with light 
intensity and temperature. 
Higher carrageenan content occurred between March and 
August (except April) (Table 3) while low carrageenan con-
tent occurred between September and February. The envi-
ronmental factors associated with high carrageenan content 
were reduced light and temperatu re (Table 2). These condi-
pH Rainfall Sunshine Ni trogen Phosphorus 
(mm) (hrs/day) (~g.aI.N . t ') (~g .a I. P. I ') 
7.8 5.7 8.B 2.9 0.5 
8.0 27.1 7.6 2.8 0.4 
8.3 9.5 9.0 1.7 0.3 
8.3 28.0 8.2 0 0.7 
8.2 87.5 7.6 0 .2 0.7 
8.0 9.9 9.6 5.4 0.2 
8.0 0 9.8 2.2 0.6 
8.5 0.5 9.2 2.4 0.7 
8.2 0.3 9.1 4.3 0.7 
8.3 222.5 6.1 1.6 0 
8.5 187.0 5.5 2.2 0.3 
8.4 115.1 5.9 4.0 0.7 
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Table 3: Seasonality in yield, gel strength. gelJing and melting temperatures of carrageenan from E. denliculatum 
Month Yie ld Gel strength 
(% dry wi) (g cm ') 
June 
July 57.33 ± 2 139.3:t 1.5 
August 57.2 ± 2.3 131.3 ± 2.3 
September 50 .1 ± 3.3 146.7 ± 2.9 
October 51.65 ± 3.7 146.3 ± 1.5 
November 44.2 ± 1.4 168.3 ± lOA 
December 48.5 ± 0.7 135 .7 ± 30.1 
January 49 ± 1.5 163.3 .15.3 
February 49 .1 . 1.5 160 ± 6 
March 57.7 ± 2.5 90 ± 14.1 
April 58.5 ± 2.2 160±14.1 
May 55.4 ± 1.3 155 ±7.1 
lions possibly provided fairly ideal environment for the algae 
to synthesise carrageenan. The period of March to August is 
associated with high cloud cover, hence algal thalli are 
expecled to be be Iter protected from damaging insolation 
than the period of September to February. Thus the algal 
thalli should be expected to show higher rates of photosyn-
thesis, carbohydrate production and low rate of catabolism 
as a result of reduced respiration. It was observed during 
the sampling period that, during days with high insolation 
and temperature during mid-day spring low tides, algae lost 
pigments (bleached) in their younger lissues. It has been 
reported (Lobban and Harrison 1994) that when plants are 
under stress pholosynthetic rates may be reduced and stor-
age carbohydrates may be mobilised to synlhesise other 
macromolecules and generation of ATP. It is likely that high 
insolation and temperature during September to February 
were responsible tor the decline in carrageenan yield. 
Zertuche-Gonzalez el al. ( t 993) reported the effect of nulri-
ent, temperature and light on carrageenan yie ld and quality 
of E. uncinalum. However, Million and Braud (1993) report-
ed that no seasonal variation in carrageenan yield was evi-
dent for E. den/icu/alum in Madagascar. 
The mean percentage carrageenan yie ld obtained in the 
present work is generally in agreement with Semesi (1979) 
for the same species from the same locality, except that in 
the present study the figure reported is the annual mean 
which tend to be slightly lower (52.63 ± 4.8). This is due to 
Ihe effect of lower values obtained (in the presenl study) du r-
ing the period of low yield, (Semesi's study was not season-
al, thus Ihe mean yield (69.5 ± 0.5) reported in her work is 
not annual) . 
Table 4: Statistical comparison of mean carrageenan yield of E. 
denticulatum between SE and NE monsoon periods 
Season n dl mean p 
SE 18 17 55.86 
6.15 <0.05 
NE 18 17 48.83 
GeUing temp Melting temp 
(0G) (0G) 
30.0 ± 0 .6 37 ± a 
28 ± 1.4 35 ± a 
32.5 :t 1.9 39 ± 0 
26.7 ± 1.2 39 ± 0 
27.1::1.4 36.5 ± 0 
26.6 :!: 1 .5 33:t 0 
27.3 ± 2.3 35 ± 0 
27.1.0.5 35.5 ± 0 
27.2 ::t: 1.3 36.5 :t 0.7 
26.9 ± 0.1 36.5 ± 0.7 
29.7.09 37 ± a 
Carrageenan quality 
The gel strength of carrageenan was signi ficantly higher 
during the NE monsoon period (Table 5). The reason for that 
is not yet established. Possibly suitable drying condit ions 
during this period contribute the good gel quality. As during 
this period (N E monsoon) there is higher insolalion, hydro l-
ysis of phycocolloid is minimal because seaweeds dry 
immediately (within 2 to 3 days) on the sun atter harvesting 
compared 10 aboul a week during the period of high cloud 
cover and rain period. However, factors which affect gel 
quality include sUlphate content, 3,6-anhydrogalactose, 
molecular weight, cations, concentration of the polymer, 
pyruvic acid, and methoxyl contenl (Semesi 1979). Although 
these factors were not investigated in the present study, 
their effect on gel quality observed is inevitable . 
There was a sudden fall in gel strength during the slart of 
the rainy season, particularly March (Table 3). Low gel 
strength during the rainy season could be related to low 
salinity. Low salinity may result into greater osmotic gradient 
such as K· and Ca'· (Lobban and Harrison 1994) which may 
leave the cell to the medium. These ions have been report-
ed (Grant el aJ. 1973, Semesi 1979) to increase gel 
strengths of some algal polysaccharides such as alginates 
from brown algae and carrageenan from red algal species 
such as Eueheuma, Graci/aria, Hypnea etc. Moreover, Bird 
(1988) reported low gel strength from agar extracted from 
Gracilaria species cullivated at low salinity (17%). In Ihe 
present study, salinity showed a positive correlation with gel 
strength. 
The gel slrengths of carrageenan prepared from E. den-
lieulalum were lower than the commercially prepared gels. 
That may be attributed to the difference in the methods used 
Table 5: Statistical comparison 01 mean gel strength of carrageenan 
from E. den /ieu/alum between SE and NE monsoon periods 
Season n df mean p 
SE t8 17 t37,33 
2 ,61 <0,05 
NE 18 17 154,39 
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for extraction and type of carrageenan. E. denticulatum pro-
duces iota carrageenan. This is highly su lphated and form 
elastic weak gels (Rees 1972a, Tsuneaki and Suzuki 1975). 
The commerc ial carrageenan used in this study for compar-
ison was predominantly kappa with lesser amounts of lamb-
da and added salts: potassium, 11 %; ca lcium, 2.4% and 
sodium, 0.7%. 
The litera ture survey shows that the properties of the gels 
are largely dependent on the structure of the polymer and 
purity (or heterogeneity), the techniques used for isolation, 
alka li treatment, temperature and the du ration spent in heat 
treatment (Dawes et a/. 1977, Ainsworth and Blansshard 
1980, Glicksman 1983). 
Unfortunately different isolation methods and gel strength 
units have been employed to seaweed phycocolioids, 
hence, it is diHicu lt to compare results. There are also sea-
sonal differences between locations and years in terms of 
the magnitude and timing of the environmental parameters 
affecting algal growth. 
In conclusion , the best period to harvest E. denticu/atum 
in Tanzania would be during the SE monsoon period (May to 
September). However, minimal biomass found in the field 
impose the need for its culturing . 
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